The water-ethanol extract of the lichen Ramalina lacera has been evaluated for its chemical constituents, and for its antibacterial and antifungal properties. HPLC and TLC analysis revealed the presence of depsides, depsidones, carbohydrates, and anthracene glycosides. Six phenolic acids have been identified and tested for antibacterial and antifungal activities against ten bacterial and 13 fungal species.
Since the beginning of the 20th century, hair powder of R. calicaris and Ramalina spp. was used in cosmetics in Europe [9] , and India [10] , respectively. Extracts from R. farinacea were evaluated against fifteen clinical isolates of Staphylococcus aureus. The results showed that two column chromatographic fractions, with minimum inhibitory concentrations against 90% of the isolates of 535.5 and 317μg/mL, respectively, generally performed better than tetracycline and ampicillin [8c] . The aqueous extract of R. farinacea has a folkloric reputation for treatment of mental disorders in Africa; and tinctures have also been used for treatment of ringworm (tinea) in Nigeria [8b] . In the southwestern province of Yunnan in China, the Yi, Dai, and Han ethnic peoples cook R. conduplicans and R. sinensis to prepare a traditional cold dish served at marriage banquets [11] .
In the course of our search for plant-derived antibacterial and antifungal agents that could be useful for development into antibacterial and/or antifungal drugs, we have isolated from R. lacera several compounds: orsellinic (1), diffractaic (2) (6) acids, which represent the most common chemical classes of low-molecular weight lichen constituents. These were chosen for screening in a high-throughput in vitro assay.
This study was designed to examine the chemical compounds isolated from an aqueous-ethanolic extract of R. lacera and to determine their in vitro antibacterial and antifungal activities. The inhibitory effects of phenolic compounds of R. lacera were tested against laboratory strains belonging to 10 bacteria and 13 fungal species by using the diskdiffusion assay and micro-broth dilution methods, respectively. The lowest MIC values were obtained with norstictic acid (3.8 and 3.9 μg/mL) against Salmonella enterica typhimurium and Aspergillus niger, respectively; and 5.2 μg/mL for lecanoric acid against Salmonella enterica typhi, and diffractaic acid against Aspergillus ochraceus. The lowest MIC values were obtained also with orsellinic (7.8 μg/mL), diffractaic (5.9), protocetraric (9.3), and norstictic (6.4) acids against Aspergillus sojae. Antibacterial and antifungal activities of the isolated phenolic metabolites against other bacteria and fungal species are showed in Table 1 .
Characterization and some reported activities of phenolic compounds isolated from Ramalina species have also been described by other researchers [12] .
Eighteen species of lichens, including Ramalina species, were studied for organic acids and the distribution of bioactive compounds [13] . The compounds reported were for R. subfarinacea: The antibacterial and antifungal activities, and the MIC values of the six phenolic acids from the ethanol-water extract of the lichenized ascomycete R. lacera have been investigated against a range of microorganisms.
Nearly all the tested compounds showed activity against some bacterial and fungal species (Table 1) . (1), diffractaic (2), protocetraric (3), lecanoric (4), norstictic (5), and usnic (6) acids.
Salmonella enterica typhimurium and Aspergillus niger were the most sensitive to diffractaic, protocetraric, and lecanoric acids with MIC values ranging from 3.8 to 5.2 μg/mL. These results showed that some lichen phenolic metabolites may lead to compounds with more pronounced activities. General extraction procedures: Clean, fresh lichen (765 g) was extracted (Soxhlet) with ethanol-water-HCl (90:10:1, v/v; 60°C) for 72 h (fraction 1). The ethanolic residue was further extracted with light petroleum (60-80 o C, fraction 2), and then dichloromethane (fraction 3). Fraction 1 was concentrated in vacuum at 35°C, and the water layer was lyophilized, and then dissolved in 2 mL of ethanol. Fractions 2 and 3 were separately concentrated to dryness in vacuo at 5°C under reduced pressure, and then dissolved in 2 mL of a cold mixture of ethanol-dichloromethane (1:1, v/v), which was used for separation by HPLC, TLC, and for chemical analysis [5] .
High-performance liquid chromatography and TLC analysis:
The dried samples from the fractions were reconstituted in 200 µL of methanol and analyzed using a Hewlett Packard 1100 HPLC system (Hewlett-Packard 1100 HPLC System w/ UV/VIS detector, includes: G1311A Quaternary Pump, G1314A UV/Vis Detector, G1313A Autosampler, G1322A Vacuum Degasser, Solvent Module, HP Chemstation with Computer System) with a photo diode array detector set at a range of 200-450 nm; all peaks were analyzed at 254 nm. An analytical reverse phase C 18 column (A Spherisorb 5 ODS 2 column 250 x 4.6 mm, 5 µm; Kontron) was used as the stationary phase. Mobile phase A contained 10% methanol and 90% water brought to a pH of 2.0 with phosphoric acid, and mobile phase B was 100% methanol. A linear gradient was applied over 30 min starting with 100% of mobile phase A at the start to 100% mobile phase B at the end. Benzoic acid was used as an internal standard. Chromatograms were analyzed by Hewlett Packard software; retention time and absorbance spectra were used to identify compounds, and pure compounds were used for spectral analysis. Preparative plates for TLC were prepared with silica gel HF 254 (60-120 mesh, (Merck); benzene-dioxane-HOAc (90:25:4, v/v) was used as solvent. After developing for 50-60 min, the plates were dried at 50°C, and examined under ultraviolet light. Excellent separations of the phenolic acids from the lichen extract were also obtained by [5] . Orsellinic and usnic acids were obtained from Sigma-IL, and used as standard compounds. Isolated metabolites were identified by 1 H, 13 C NMR, IR, and UV spectroscopy, and by chemical methods, as described previously [5] . Experimental protocol: In this work, disc diffusion assays were performed using sets of discs containing either tetracycline or clotrimazole and test organisms. For each of the organism-compounds, the zone sizes produced by 10 replicate discs containing six different amounts were measured. These experiments were repeated five times using independent dilution series to produce the discs used each time. Antibacterial and antifungal activities were measured by the disc diffusion technique and determination of minimum inhibitory concentration (MIC) [14] . The initial analysis of the data obtained in this work was performed by combining the measurements obtained in the five repeated experiments. As ten replicate discs were used in each experiment, a total of 50 zone sizes produced by discs were generated for each organism-compound. The means of these 50 values were calculated and plotted against the content (μg) of the discs that produced them. Standard compounds: tetracycline (TTC) and clotrimazole (CTM) were obtained from Sigma-Israel, Ltd.
Bacterial and fungal cultures:

